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Gaur et al Evolving Technology/Basic ScienceBronchopleural fistula and the role of contemporary imagingPuja Gaur, MD,a Ruth Dunne, MD,b Yolonda L. Colson, MD,a and Ritu R. Gill, MDbOne of the most morbid postoperative complications after a lobectomy or a pneumonectomy is a bronchopleural fistula
(BPF). The diagnosis and identification of BPF may be challenging, often requiring repeat imaging and invasive tests,
including bronchoscopy, thoracoscopic exploration, or even open exploration. The purpose of this article is to review the
types and presentations of BPF and to describe the role of noninvasive imaging for diagnosis and surgical treatment planning.
We focused on multidetector computed tomography and advanced postprocessing applications such as multiplanar
reconstructions, virtual bronchoscopy, and volume rendering images, including minimum-intensity and maximum-intensity
projections. Both multidetector computed tomography and nuclear scintigraphy are reliable noninvasive imaging modalities
that can be used expeditiously in an outpatient setting and may prove to be a more cost-effective strategy to identify the
fistula as well as conduct postoperative surveillance. These modalities can be used for accurate and efficient testing for
earlier diagnosis and treatment planning, thereby significantly improving patient outcome. Additional advanced postpro-
cessing techniques using already acquired imaging data can provide complementary information that is both visually acces-
sible and anatomically meaningful for the surgeon. Better understanding of the potential uses and benefits of these
techniques will eventually improve the diagnostic accuracy, optimize preoperative planning, and facilitate follow-up for
patients with BPF with improved patient outcomes. (J Thorac Cardiovasc Surg 2014;148:341-7)A number of pulmonary complications can occur after any
lung resection, including pneumonia, abscess, empyema,
and a prolonged air leak. Bronchopleural fistula (BPF)
remains 1 of the most serious life-threatening complica-
tions but is fortunately rare.1,2 Identifying a BPF is often
challenging, sometimes requiring multiple bronchoscopies,
because conventional imaging techniques and the initial
bronchoscopy can fail to detect a small BPF. Multidetector
computed tomography (MDCT) offers significant promise
as a reliable noninvasive modality that can be performed
expeditiously for accurate identification of a BPF,
treatment planning, and post-treatment surveillance. In
addition, the application of advanced postprocessing
techniques could be a useful adjunct for the surgeon. Other
radiologic investigations such as nuclear scintigraphy could
also play a role in fistula identification, particularly in
suspected cases in which the fistula is below the resolution
ofMDCTor is very small. In the present report, we reviewed
the types of BPF and their clinical presentation and
described the role of multimodality imaging for the diag-
nosis and treatment planning for patients with BPF, with spe-
cific emphasis on MDCT and advanced postprocessing
applications. This information is critical for the thoracic sur-
geon, because BPF remains one of the most life-threatening
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SDEFINITION, CLASSIFICATION, AND
ETIOLOGIES
BPF has been defined as a direct communication between
the bronchus and pleural space. A central BPF represents a
fistulous connection between pleura and trachea or
segmental bronchi and can arise after total or partial lung
resection or lung transplantation or because of traumatic
disruption of the tracheobronchial (TB) tree. A peripheral
BPF represents a fistulous connection between the pleura
and airway distal to segmental bronchi or lung parenchyma
and can occur after necrotizing pneumonia, empyema,
radiotherapy, bulla or cyst rupture, or thoracic interven-
tional procedures. Infectious and rheumatologic conditions
such as tuberculosis, aspergillosis, granulomatosis with pol-
yangiitis (previously known as Wegener’s granulomatosis),
and pulmonary sarcoidosis can also result in BPF.
Dependingon the published series, the incidence ofBPFhas
ranged from 2% to 20% after pneumonectomy and 0.5% to
3% after lobectomy. Both have been associated with high
morbidity and mortality.2-5 Dehiscence of the bronchial
stump in the setting of anatomic resection remains the most
common cause of BPF. The risk factors for the development
of BPF include the extent of lung resection, residual or
recurrent cancer at the bronchial stump, preoperative
radiotherapy, concurrent infection (especially fungal),
prolonged postoperative ventilator support, adult respiratory
distress syndrome, chronic obstructive pulmonary disease,
poor nutrition, hypoalbuminemia, steroids, and diabetes.6-8
In addition to patient-related factors, several technical factors
have been implicated in the development of a BPF. For
instance, right pneumonectomy is 4 to 5 times more likely tordiovascular Surgery c Volume 148, Number 1 341
Abbreviations and Acronyms
2D ¼ 2-dimensional
3D ¼ 3-dimensional
BPF ¼ bronchopleural fistula
CT ¼ computed tomography
MDCT ¼ multidetector computed tomography
TB ¼ tracheobronchial
VB ¼ virtual bronchoscopy
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hypotheses exist to explain this phenomenon, including less
mediastinal coverage of the bronchial stump, lack of a dual
blood supply to the right bronchus, and the presence of a
cartilaginous ring at the vertical orientation of the right
main stem bronchus that allows accumulation of secretions
and predisposes the bronchial stump to infection and
dehiscence.11 Additionally, the duration of postoperative
ventilator assistance and the length of the stump can
affect stump healing and the incidence of dehiscence.6,7,10
Thus, thoracic surgeons have tended to perform several
intraoperative maneuvers designed to decrease the risk of
developing a BPF, such as minimizing tension on the
bronchial stump, keeping the length of the bronchial stump
to<1 cm, preserving or providing a vascular supply to the
stump by minimizing airway mobilization, and covering the
bronchial closure with intercostal muscle, pericardium,
pericardial fat pad, or omentum.7,11CLINICAL PRESENTATION AND MANAGEMENT
Typically, a BPF presents about 1 week to 3 months post-
operatively, with the greatest incidence at 8 to 12 days.2,3
Surgical management of BPF involves limiting airflow
through the fistula, closure of the fistula, and drainage of
the pleural space, which, by definition, has been
contaminated. Protection of the contralateral lung from
spillage of pleural fluid through the BPF is also critical in
the treatment of these patients. The approach to treatment
depends on the location and size of the BPF, the extent of
pleural contamination, and the patient’s clinical status.
Early postoperative BPFs will usually be central in
location and primarily result from technical failure.
They can be diagnosed immediately postoperatively by
bronchoscopy or suggested by a large air leak. The
development of a BPF beyond the perioperative period,
however, often results from distal parenchymal defects
and will usually be a smaller communication that tends to
be more difficult to diagnose and manage.8 Although there
are no classic signs or symptoms, patients will often present
with low-grade fevers, chills, lethargy, poor appetite, or
cough productive of brown-colored, or sometimes salty,
sputum. A decreasing air fluid level in the pleural space, a
prolonged air leak, and acute respiratory failure due to342 The Journal of Thoracic and Cardiovascular Surgaspiration pneumonia of the contralateral lung are also
suggestive features of a BPF.12
One of the first diagnostic studies used by surgeons to
identify a BPF was bronchoscopy, which allows the
surgeon to examine the apposition of the cartilaginous
and membranous walls of the bronchial stump and
differentiate among stump dehiscence due to wound
infection, necrosis, and tumor recurrence. However, the
false-negative rate of bronchoscopy in the diagnosis of
BPF has been high,13 with failure to diagnose and repair
the BPF resulting in worsening respiratory status owing to
aspiration and sepsis and, thus, delaying the initiation of
lifesaving therapy.
If the BPF is associated with a pleural infection, prompt
drainage and washout of the hemithorax while protecting
the contralateral lung is warranted. The early initiation of
broad-spectrum antibiotics and aggressive nutritional
supplementation will be key to healing and quick recovery.
When possible, early central fistulas should be treated
with primary repair by repeat resection and revision of the
stump. The bronchus should be reinforced with pleura,
pericardium, mediastinal fat, omentum, or a muscle flap.
In contrast, peripheral fistulas should be treated according
to the underlying disease and the patient’s clinical
condition, with a focus on maximizing pleural apposition.
The treatment options include tube thoracostomy, decorti-
cation, pleurodesis, and open drainage.14 More recently,
surgeons have been using a variety of surgical and
transbronchial occlusive agents and methods to directly
close the central BPF, with intermediate success reported
with the use of free or pedicled muscle flaps, fibrin sealants,
coils, stents, and 1-way valves.15-20
ROLE OF IMAGING IN BPF DIAGNOSIS AND
MANAGEMENT
In patients with a suspected BPF, several questions must
be answered to appropriately treat the patient. The first step
is to identify the size and location of the BPF (central or
peripheral) and its relationship to the bronchial tree and
adjacent mediastinal structures. Next, the pleural space
must be controlled with either closed drainage or decortica-
tion. Finally, the underlying cause of BPF should be
identified and addressed appropriately, in addition to
studying the anatomic relationship of the BPF to the major
vessels and mediastinal structures. It is also important to
investigate and search for tumor recurrence. The presence
of malignancy at the bronchial stump and the location and
volume of tumor growth within the thoracic cavity are
important to define. If the underlying cause of BPF is
infection, it is important to identify the source of infection,
such as aspiration pneumonia from reflux or empyema. If a
hypertrophied vessel or a pseudoaneurysm is adjacent to
the BPF, the need for embolization should be assessed
to prevent life-threatening hemorrhage. Several imagingery c July 2014
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the following sections, and each modality has been briefly
summarized in Table 1.
Chest Radiography
Chest radiography plays an essential role in suggesting the
possibility of a BPF after lung resection or chest trauma and
in monitoring the efficacy of BPF therapy. A new or an
increased pneumothorax, commonly noted as a decrease in
the air fluid level or a shift of the mediastinum away from
the resected side after a pneumonectomy, is suggestive of a
BPFand/or infection of the pleural space andwarrants a thor-
ough investigation.21 Rarely, a decrease in the air fluid level
within the postpneumonectomy space will not be associated
with a BPF and has been classified as ‘‘benign emptying of
the pneumonectomy space.’’ This has been thought to be
due to postoperative pleural fluid shifts, rather than escape
of fluid through theBPF.However, this entitymust be a diag-
nosis of exclusion only after an extensive search for a BPF.22
Role of MDCT
MDCT can be used as initial imaging modality for
evaluation of patients with a potential BPF as a roadmap
to guide management. In MDCT, a 2-dimensional (2D)
array of detector elements replaces the linear array of
detector elements used in typical conventional CT scanners.
The 2D detector array permits CT scanners to acquire
multiple slices or sections simultaneously and greatly
increases the speed of CT image acquisition, resulting in
less motion artifact and better image quality compared
with conventional CT. MDCT permits the acquisition of
volume data, instead of just individual slice data, allowing
application of advanced 3-dimensional (3D) postprocessing
techniques, given the improved z-axis resolution.TABLE 1. Imaging modalities that can be used by surgeons to study patie
Modality Description
Chest radiography Often the initial diagnostic modality on wh
decreasing air fluid level is suggestive o
MDCT Acquires volumetric data in high resolutio
used to reconstruct 3D images in corona
planes
Maximum intensity projections Selects components of MDCT images with
attenuation values to reconstruct 2D and
Minimum intensity projections Selects components of MDCT images with
attenuation values to reconstruct 2D and
VB Noninvasive study that simulates endolum
of the airway
Ventilation scintigraphy Nuclear imaging using a radiotracer to ide
presence of a BPF
BPF, Bronchopulmonary fistula; MDCT, multidetector computed tomography; 3D, 3-dime
The Journal of Thoracic and CaThe initial MDCT scan should be acquired with intrave-
nous contrast to map the vasculature and to better define the
peripheral rind enhancement and air fluid levels suggestive
of empyema. In addition to identification of the fistulous
tract, the scan will allow evaluation of the potential
causes of BPF (ie, abscess, pneumonia, recurrent tumor,
staple line dehiscence, devascularized stump) and can be
simultaneously used to define the anatomic relationship of
the adjacent vasculature, mediastinal structures, and
diaphragm, particularly useful in a patient presenting with
hemoptysis. Regardless of the type of CT performed, care
must be taken to ensure that the patient can lie flat without
aspiration of the pleural fluid through the BPF to the healthy
lung. This will sometimes require placement of a drainage
catheter to drain the pneumonectomy space before CT
scan or scanning with the patient positioned with the
‘‘good lung’’ up to prevent spillage through the BPF.
Although a large fistulous tract can be clearly identified
using CT, one must be vigilant to search for the subtle signs
of a small BPF, such as extraluminal air bubbles adjacent to
the bronchial stump or a change in the appearance of a
pre-existing pleural air fluid level. These subtle signs can
sometimes be identified even before clinical symptoms
are present.23 Compared with conventional fiberoptic
bronchoscopy or CT scanning, MDCT has been reported
to be superior in the identification of BPF, because it allows
such subclinical features of BPF to be recognized sooner.24
For additional evaluation and detailed information,
MDCT images can be processed and reformatted using a
dedicated 3D workstation (Vitrea, Vital Images, Minne-
tonka, Minn) by experienced technicians under the
supervision of a thoracic radiologist. Advanced post-
processing applications include multiplanar reconstructions
in the coronal and sagittal planes, volume rendering, virtualnts with bronchopleural fistula
Advantages
ich a
f a BPF
Noninvasive, inexpensive, easy to compare with serial
imaging
n that can be
l and sagittal
Helps accurately define the anatomic relationship of a
BPF and any other underlying pathologic features;
extremely useful in assessing patients preoperatively
and for postprocedural surveillance
highest
3D images
Demonstrates high-contrast structures such as vessels
and stents; extremely useful modality for patients who
present with hemoptysis
lowest
3D images
Defines pulmonary parenchyma and the pleural cavity,
allowing clear identification of a BPF
inal 3D view Allows evaluation of the airway to identify a BPF; useful
to evaluate the airway beyond the fistula, especially if
plugged with mucus or debris
ntify the High negative predictive value for presence of BPF,
although localizing could be challenging, given the
low spatial resolution
nsional; 2D, 2-dimensional; VB, video bronchoscopy.
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intensity projections.Advanced Imaging Postprocessing Applications
The ability to reformat MDCT images into different 2D
and 3D constructs without additional radiation to the patient
and without repeat scanning is of paramount significance to
the patient, the radiologist, the surgeon, and the economy.
The ability to reconstruct the airway in the coronal and
sagittal planes allows clinicians to better understand the
location of the BPF in relationship to its neighboring
structures and any other associated pathologic features
that could have contributed to the development of the
BPF, such as a foreign body, recurrent tumor, or infection.
Because most of the airways run perpendicular to the axial
plane, the craniocaudal distribution of a BPF abnormality
will be easier to identify in this format. In 1 study using
MDCT for evaluation of a BPF, 6 of 7 central fistulas
(86%) and 17 of 17 peripheral BPFs (100%) were
identified on the coronal or axial images.13Volume-Rendered Images: Minimum and Maximum
Intensity Projection Images
Minimum and maximum intensity projection images are
essentially reformatted volume-rendered images that allow
for better delineation of the airway distal to an abnormality,
such as bronchial obstruction.25,26 These images allow for
the detailed imaging helpful in the planning of the
surgical repair such as preoperative determination of theFIGURE 1. Role of multidetector computed tomography and minimum i
A, Completely fluid-filled pneumonectomy space in 1 patient 1 year after pneum
in the same patient, who had presented with fever suggestive of the developmen
fistulous tract as suggested by air bubbles adjacent to the bronchial stump (blac
(black arrow).
344 The Journal of Thoracic and Cardiovascular Surgvolume of the cavity, which is important in selecting the
type and size of flap required to close the BPF.
Minimum intensity projection images are acquired by
selecting the voxels with lowest attenuation values.25 As a
result, a fistulous connection between the air-filled
bronchus and the pleural space can be enhanced
(Figure 1). Maximum intensity projection images, however,
are acquired by selecting the voxels with highest
attenuation values and can be useful in the identification
of pseudoaneurysms (Figure 2) and the evaluation of
endobronchial or vascular stent placement and can serve
as a roadmap for embolization.
Virtual Bronchoscopy
Virtual bronchoscopy (VB) is a 3D reconstruction of 2D
helical CT images providing simulated endobronchial
views that then allow noninvasive intraluminal evaluation
of the TB tree. VB will accurately show the lumen and
diameter of the TB tree down to the fourth order bronchial
orifices and branches and offers a number of advantages
compared with conventional bronchoscopy in the evalua-
tion of BPFs (Figure 3).27,28 It is essentially a noninvasive
method of imaging the TB tree and is capable of showing
the airway beyond an obstruction, a limitation of
conventional bronchoscopy. Given that VB simulates the
TB tree, another advantage is that the images can be
magnified and viewed in 3D constructs to better identify
the exact size, location, and associated fluid collection in
relation to a BPF. As a noninvasive modality, it has the
potential for repeated post-treatment evaluations, allowingntensity projection reformatting in detection of bronchopleural fistula.
onectomy (asterisk). B, New air fluid levels in the pneumonectomy space
t of an empyema. C, A coronal multiplanar reformatted image depicting the
k arrow) that was then confirmed on (D) the minimum-intensity projection
ery c July 2014
FIGURE 2. Maximum intensity projection reformatting can be used to evaluate the anatomic relationship of a bronchopleural fistula to adjacent
mediastinal structures, especially the major vessels, and can serve as a roadmap for treatment planning. A, Coronal oblique maximum intensity projection
image of a patient with nonsmall-cell lung carcinoma after radiotherapy and chemotherapy who had presented with hemoptysis showing a pseudoaneurysm
of the left main pulmonary artery (white arrow) projecting into the bronchopulmonary fistula (white circle). B, Axial computed tomography scan also shows
the pseudoaneurysm (white arrow) within the bronchopulmonary fistula before treatment. C, View after treatment showing a stent placed into the
left pulmonary artery (white circle) and the pseudoaneurysm now covered by a stent (white arrow).
Gaur et al Evolving Technology/Basic Sciencemonitoring of the healing process.29,30 Finally, this
modality can be used for stent planning and evaluation of
the internal diameter of the stumps for different sealants.
Acute angles in the TB tree can be studied extensively
when planning stent deployment and when evaluating
airway complications after stent placement.24,31 All these
imaging modalities can be used simultaneously to provideFIGURE 3. The different imaging modalities can be used as complimentary
multidetector computed tomography scans of a patient presenting with a new l
a new air pocket (white arrows) extending from the pleural cavity (asterisk) that
on the axial computed tomography images. Coronal minimum intensity project
matted images confirmed the presence of an occult bronchopleural fistula arisi
The Journal of Thoracic and Cacomplimentary data about the BPF location and the
optimal method to manage it (Figure 4).
One disadvantage of VB is that it can yield a false-
negative result of a BPF if a fistulous tract has been
plugged with mucus or debris or the images have been mis-
registered during respiration.4,32 Second, VB cannot allow
the interventions possible with standard bronchoscopy.studies in the diagnosis of occult bronchopleural fistulas. A to D, Axial
eft chest wall bulge 2 years after closure of the Clagette window, showing
was concerning for reopening of a fistula. No fistulous connection was seen
ion (E, black arrow) and virtual bronchoscopy (F, black arrowhead) refor-
ng from the left main bronchus.
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FIGURE 4. Curved planar reconstructions can be used to provide measurements for covered stent planning. A, The luminal area and maximum
endoluminal diameters were measured in 1-cm increments along the trachea and main stem bronchus, allowing accurate calculation of the exact distance
of the fistula from the proximal trachea on a curved reformatted image. B, In addition, the angles between the fistula and airway and between the trachea and
main stem bronchus can be measured to allow for customized covered stent placement to close the fistula. BPF, Bronchopleural fistula.
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and volume-rendered images in demonstrating BPFs after
unsuccessful bronchoscopy,32 highlighting the complemen-
tary role of VB for the clinical suspicion of a BPF.
Nuclear Medicine
Ventilation scintigraphy can be considered for the
diagnosis of occult, yet clinically suspected, BPFs when
not identified using MDCT or bronchoscopy. Ventilation
scintigraphy using a variety of radioactive tracers, including
technetium-99m (99mTc) albumin colloid fog inhalation,
99mTc sulfur colloid, 99mTc-labeled diethylenetriamine
penta-acetate, krypton, and xenon, and single photon
emission tomography using radiolabeled aerosol inhala-
tion.33-35 In the presence of a BPF, the radioactive tracer
will be seen to equilibrate in the postpneumonectomy
or pleural space after inhalation. One study of 28
postpneumonectomy patients reported a sensitivity of
78% and a specificity of 100% for the detection of BPF
using 99mTc-diethylenetriamine penta-acetate aerosol,
with 86% accuracy.33 However, this technique has several
limitations. It is time-consuming and requires patient
cooperation, which can be difficult for the postoperative
patient, who is typically ventilated, critically ill, and, often,
septic. It also lacks accuracy in the detection of smaller
BPFs. In patients with chronic obstructive pulmonary
disease, turbulent flow in the TB tree leading to aerosol
deposition can also result in false-positive results and fistula
mislocalization. Therefore, this modality is currently only
used when conventional bronchoscopy, VB, and MDCT
have all failed to identify a clinically suspected BPF.34,35
CONCLUSIONS
BPFs have proved to be a diagnostic challenge both
radiographically and bronchoscopically. The fistulous tract346 The Journal of Thoracic and Cardiovascular Surgwill often be small and difficult to visualize using
conventional imaging methods. MDCT and advanced
postprocessing tools can help identify and localize the
BPF and provide relevant additional information for
surgical planning. MDCT should be considered the initial
and primary diagnostic modality for the clinically suspected
BPF instead of conventional CT. Such imaging is critical for
early and timely intervention for patients with BPF and for
post-treatment surveillance.
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